Photoinduced UV detoxification of the phenol solutions was revealed; combined effect of humic substances and UV irradiation in the phenol solutions was studied as well. Detoxification coefficients were calculated. A conclusion was made that UV-irradiation and treatment by humic substances reveal non-additive but antagonistic effect.
Introduction
One of the important tasks of modern ecology and biotechnology is the search of methods to detoxify the environmental toxicants. A possible way to do this is to use Humic Substances (HS) -the products of oxidative transformation of organic matter in soil (Orlov, 1998 (Orlov, , 2002 Shin et al., 1999) . Toxicity of some compounds was shown to decrease in the presence of HS (Perminova et al., 2001; Gu et al., 2003; Zhilin et al., 2004) . The mechanism of detoxification by HS is currently of great interest for researchers (Stom et al., 1977 (Stom et al., , 2004 Grainer et al., 1999; Vigneault et al., 2000; Perminova et al., 2001; Kulikova et al., 2002; Provenzano et al., 2004) .
In (Donnelly et al., 1997; Weinstein et al., 1999) , the detoxification effects of HS were studied using classic bioassays involving fish, algae, crustaceans, or plants. Detoxifying effect of HS can be easily evaluated by bacterial bioluminescent assay (Kudryasheva et al., 1998) .
The advantages here are rapidity, sensitivity, simplicity of analysis, and availability of the devices for toxicity registration (Kratasyuk et al., 1987) .
Bioluminescent bacteria have been used as a bioassay for almost a half of a century. The bioassay was described in its current form in 1969 (Grabert et al., 1997) . In the late 1980s the test was standardized in Germany as a method for pollutants' detection. In 1990 the bioluminescent system of enzymatic coupled reactions was suggested as a toxicity assay (Kratasyuk et al., 1990) ; its applications were developed (Kudryasheva et al., 2002 (Kudryasheva et al., , 2003 . Now, the ecological bioassay is a traditional and important biotechnological application of the bioluminescence phenomenon (Girotti et al., 2008; Gitelson, et al., 2002; Roda et al., 2004; , 2006b , Lapota et al., 2008 Cali et al., 2008; Vlasova et al., 2007; Reis et al., 2007; Vetrova et al., 2007) .
Testing of redox activity of HS in solutions of oxidizers and reducers is of great interest.
Reduction ability of HS was supposed to be responsible for detoxification of oxidizers in water solutions (Tchaikovskaya et al., 2006; Fedorova et al., 2007) . Phenolic, SH-, and other groups of HS macromolecules are responsible for reduction of the oxidizers.
Testing of oxidative activity of HS in solutions of organic reducers (phenols) is of applied interest. In the present study we chose a series of homologous phenols: tetrafluoro-1,4-hydroquinone, 1,4-hydroquinone, and 1,4-naphthohydroquinone. We compared them with a series of corresponding homologous oxidizers: tetrafluoro-1,4-benzoquinone, 1,4-benzoquinone, 1,4-naphtoquinone, (Fedorova et al., 2007) .
In natural conditions, detoxification of solutions by HS might take place under UV and visible light. This is why the study of photoinduced detoxification of pollutants in the presence and absence of HS is of urgent need. In (Tchaikovskaya et al., 2006 (Tchaikovskaya et al., , 2007 , the toxicity of phenol and p-cresol solutions has already been monitored under combined effect of HS and UVirradiation.
The aim of the present study was to reveal detoxification of the homologous phenol (1,4-hydroquinones) solutions by HS, UV-irradiation, and combination of HS + UV-irradiation.
Bioluminescent system of the coupled enzyme reactions was used as a bioassay.
Materials and Methods
A series of hydroquinone preparations was 
Results and discussion
Dependence of 
Detoxification by HS
Detoxification ability of HS was compared in solutions of 1,4-hydroquinones and corresponding 1,4-quinones. Fig. 2 presents these redox quinonehydroquinone pairs. Their standard redox potentials are given in Table 1а . 
UV-photoinduced detoxification
Effect of UV-irradiation of phenol solutions was studied. Table 1b presents K UV values in the hydroquinone solutions. They appeared to be >1, indicating photoinduced detoxification of the solutions. In addition, the values of K UV were similar for the solutions of all three phenols (Table  1b) . (Fig. 3a) .
Detoxification of the compound was probably due to its dehalogenation; this process can be highly effective in haloid organic compounds under UVirradiation (Shigorin et al., 1993) . UV maximum of 1,4-hydroquinone (Fig. 3b) (Tchaikovskaya et al., 2006 (Tchaikovskaya et al., , 2007 .
Combined effect of HS and UVirradiation

Conclusion
The effects of two detoxifying factors (HS and UV-irradiation) as well as the combined effects UV-irradiation and treatment by HS revealed non-additive but antagonistic effect in the phenol solutions.
